Introduction
The Nansei Islands, otherwise known as the Ryukyu island arc, belong to Kagoshima and Okinawa prefectures and comprise a chain of Japanese islands situated in the western Pacific Ocean at the eastern limit of the East China Sea. These islands extend southwest from Kyushu Island to Taiwan. It is of great importance to elucidate the physical anthropological characteristics on the Nansei Islands in order to clarify the population history of the Japanese archipelago and its peripheral regions, because these islands, which are located in the southern end of the Japanese archipelago, constitute the southern gateway of gene flow to Japan.
Some Pleistocene human fossil remains have been excavated from Minatogawa (c. 18000 BP) (Suzuki and Hanihara K., 1982; Baba and Narasaki, 1991) in Okinawa Main Island, from Pinza-Abu (c. 26000 BP) (Sakura, 1985) in Miyako Island, and from other sites in the Nansei Islands. Affinities between the Pleistocene humans of the Nansei Islands and the Jomonese (c. 12000-2300 BP) of the Japanese main islands can be perceived as one of the grounds supporting the southern origin theory regarding the Jomonese. In addition, it is very important to investigate the southern dispersal of migrant populations from North to South Kyushu and the Nansei Islands from the viewpoint of dispersal of the migrant populations that entered South Honshu and North Kyushu after the shift from the Jomon to the Yayoi period.
An investigation of the relationship between the Nansei islanders (Ryukyu arc islanders) and other populations led to the 'Ainu-Ryukyuan common origin theory'. This theory is one of the basic components of the now widely accepted 'dual structure model' for the population history of the Japanese by Hanihara K. (1991) . Ever since a physical similari-ty between the Ryukyuan and Ainu populations was indicated by von Baelz in 1911, many anthropological studies using various methods have been conducted on Nansei islanders. The methods used in these studies comprised somatological measurements and observations (Newman and Eng, 1947; Suda, 1950; Ikeda and Tagaya, 1980) , osteological measurements and nonmetric traits (Hsü, 1948; Ikeda, 1974; Kouhara, 1976; Tagaya and Ikeda, 1976; Yamaguchi, 1982 Yamaguchi, , 1992 Mouri, 1986; Dodo, 1992; Pietrusewsky, 1994 Pietrusewsky, , 1999 Pietrusewsky, , 2004 Doi et al., 1997; Dodo et al., 1998 Dodo et al., , 2000 Doi, 1998 Doi, , 2003 Doi, , 2004 Asato and Doi, 1999; Matsushita, 2001; Nakahashi, 2003) , dental measurements and nonmetric traits (Yamada et al., 1970; Hanihara K. et al., 1974; Hanihara K., 1976; Tsuru, 1978; Matayoshi, 1982; Turner, 1987; Hanihara T., 1989 Hanihara T., , 1991 Hanihara T., , 1992b Matsumura, 1995; Manabe et al., 1999a Manabe et al., , b, 2001 Manabe et al., , 2003a Higa et al., 2003; Haneji et al., 2007) , and genetics (e.g. Omoto et al., 1976; Omoto, 1978 Omoto, , 1992 Horai et al., 1996; Omoto and Saitou, 1997; Hatta et al., 1999; Tokunaga, 2003) . However, the results that were obtained using these different methods and materials led to diverse opinions, and there was no consensus with regard to the anthropological positioning of the Nansei islanders in the Japanese archipelago and East Asia.
In addition to the differences in the methods used, the limitations involved in the different material gathering techniques were also responsible for the lack of consensus. It is crucial to collect data pertaining to each island in order to elucidate the regional variations in the arc-shaped Nansei Islands, which spread over 1300 km, but difficult to collect statistically sufficient data sets for each island from skeletal remains. This is because, except for a few sites, the Nansei Islands do not yield an adequate amount of excavated skeletal materials for research purposes. However, tooth crown morphology, for which samples can be gathered from the present inhabitants, can be used for collecting statistically sufficient data for each island. Moreover, to elucidate the population history of the Nansei Islands, it is as important to explain the temporal changes that occurred on each island as to reveal the regional variations. However, thus far, no study has inspected the temporal changes from the prehistoric to the modern period on any of the Nansei Islands using statistically sufficient data.
In order to inspect the temporal changes that have occurred from the past to the modern period, it is necessary to conduct a simultaneous analysis of data from skeletal remains and present-day living persons. Tooth crown morphological data enable this simultaneous analysis by using the same method of data collection for skeletons and living bodies, while the simultaneous analysis of osteological and somatometrical data is impossible. Nonmetric traits of tooth crowns were considered in this study because variations in these traits in East Asia have been investigated in detail, and the traits are known to express the genealogical characteristics of a population.
The nonmetric traits of tooth crowns in the skeletal remains excavated from the Nansei Islands were first investigated by Yamada et al. (1970) , and those of living inhabitants were investigated by Hanihara K. et al. (1974) , Tsuru (1978) , Matayoshi (1982) , and others. Following the gradual elucidation of the variations in the dental morphology in East Asia by Turner's large-scale investigations (Turner, 1987 (Turner, , 1990 (Turner, , 1992 , the anthropological positioning of Nansei islanders in East Asian populations has been clearly indicated subsequently (Manabe et al., 1999a (Manabe et al., , b, 2001 (Manabe et al., , 2003a .
In the present study, modern inhabitants of Okinawa Main Island, which is centrally located in the Nansei Islands, were investigated as a representative population of the Nansei Islands. Furthermore, modern inhabitants of Tanegashimalocated at the entrance to the Nansei Islands from the southernmost Kyushu Island in the Japanese main islands-were studied to estimate the two-way genetic influence between Kyushu Island and the Nansei Islands. We investigated not only the Ainu-Ryukyuan common origin theory based on the variations in the modern populations of Okinawa Main Island and Tanegashima Island but also the geographical cline that indicates migratory direction.
The materials from the Aeneolithic Yayoi to the protohistoric Kofun period (0-700 AD) excavated from Tanegashima constitute a rare collection of materials in that they are available in statistically sufficient quantities among the prehistoric human remains excavated from the Nansei Islands. These materials show dental characteristics that are similar to those found in the Neolithic Jomonese (12000-2300 BP) of the Japanese main islands (Manabe et al., 2002) . The materials from the Yayoi-Kofun skeletal remains and from the modern inhabitants of Tanegashima were compared using nonmetric dental traits in order to clarify the temporal changes that have occurred from the prehistoric to the modern period in the area that forms the northern entrance to the Nansei Islands. The period during which the temporal change occurred in Tanegashima was compared to the period when such changes occurred on the central Japanese main island, with the aim to examine the possible causes that underlie the regional differences in the timing of temporal changes. Finally, from the results of this study, as well as by considering some recent osteological evidence (Doi et al., 1997; Doi, 1998 Doi, , 2003 Doi, , 2004 Dodo et al., 1998 Dodo et al., , 2000 Asato and Doi, 1999; Matsushita, 2001) , we examine the characteristics of the prehistoric population of the Nansei Islands, and discuss the validity of the 'Jomonese-Ryukyuan common origin theory' from a prehistoric perspective.
Materials and Methods
We investigated the modern inhabitants of Okinawa Main Island (106 males/98 females), which constitutes the geographical and political center of the Nansei Islands, and those of Tanegashima Island (68 males/61 females), which is located near the northern end of the Nansei Islands, at the entrance to the Nansei Islands from Kyushu Island (Figure 1 , Table 1 ). Plaster casts prepared by means of oral impression were obtained from the present Nansei islanders. Young individuals with minimal dental wear or antemortem tooth loss were selected as sources of highly reliable data.
Using the Arizona State University dental anthropology system (ASUDAS) (Turner et al., 1991) , 17 nonmetric traits of the tooth crown were observed and classified, with special attention to the 11 traits that typically indicate marked differences between the native and migrant Japanese popula- (Manabe et al., 2002) . Incidences were counted using the criterion developed by Turner and Scott (1977) . Sex-pooled frequencies of the 17 traits are shown in Table 2 , since neither a chi-square test nor Fisher's exact test indicated that any sex difference existed in trait expression. The degree of dissimilarity among populations was evaluated using Smith's mean measure of divergence (MMD) statistic (Berry and Berry, 1967) with Freeman-Tukey transformation (Freeman and Tukey, 1950) . Green and Suchey (1976) demonstrated that the Freeman-Tukey transformation should be used to stabilize variances in small samples.
Spearman's ranked correlations among the 17 traits were examined for over 3800 individuals participating in this analysis, because MMD assumes that traits are independent. Only one pair-UM2 hypocone/LM2 Y-groove-showed a moderate correlation (r = 0.304), while the other pairs showed weak or no correlation.
Multidimensional scaling (MDS) based on the MMDs was conducted using the 17 traits in order to express two-dimensional interpopulational affinities. The relative contribution of each of the 17 traits that contributed to the first and second axes of MDS was identified using a linear multiple regression analysis on each trait (Kruskal and Wish, 1978) . This analysis was conducted using the coordinate values of the first and second axes as two independent variables and the incidences of the traits as a dependent variable.
Two modern Nansei Island populations were compared with ten other Japanese populations (Manabe et al., 2002) in the analysis of variations in the Japanese archipelago ( Figure 1 , Table 1 ). The ten Japanese populations were divided into two groups of native and migrant populations (Manabe et al., 2002) based on their variations in the nonmetric traits pertaining to tooth crowns and roots. The abbreviations used for the Japanese populations in this study are given in Table 1 .
Skeletal remains excavated from the Hirota site and belonging to the late Aeneolithic Yayoi and the protohistoric Kofun period (c. 0-700 AD) (Morizono, 2003) in Tanegashima were investigated using tooth crown morphology by Manabe et al. (2002) , as constituting the only statistically comparable materials of prehistoric Nansei islanders.
The Yayoi period is an era in the history of the Japanese main islands that followed the Jomon period (c. 10000-300 BC) and extended from approximately 300 BC to 300 AD. However, a recent study using accelerator mass spectrometry (AMS) radiocarbon dating method discovered that the beginning of the Yayoi period, in fact, dated back to c. 1000-800 BC, nearly 700-500 years earlier than what was previously believed (Imamura, 2001; Harunari, 2003) . In this study, for the sake of convenience, the Yayoi period was considered to stretch from 300 BC to 300 AD, since its actual dates are still the objects of controversy among archeologists. When this controversy is resolved in the future, the period specified in this article should be revised and appropriately interpreted by readers.
Periodization of the Amami and Okinawa areas located to the south of Tanegashima Island was different from that of the Japanese main islands. The Kaizuka (Shellmound) period of the hunting-gathering economy stage in the Amami and Okinawa areas corresponds to the time between the early Jomon and middle Heian period (c. 6500 BC-1000 AD), according to the dating system of the Japanese main islands. The subsequent period comprising approximately 400 years is called the Gusuku period, and is characterized by multiple crop-cultivation, the onset of the ceramic industry, and iron production.
During the analysis of variations in 36 Asian-derived populations, the Thai tribe (Manabe et al., 1997) , the Northeast Chinese (Manabe, personal data), the Neolithic Northern Chinese (Manabe et al., 2003b) , the Taiwan Yami tribe (Manabe, 1989) , the Taiwan Bunun tribe (Manabe et al., 1991), the Taiwan Ami tribe , the preInca Peruvian , and 17 other East-Asian populations (Turner, 1987) were compared with the two modern Nansei islander groups in this study. Nichol and Turner (1986) discussed the interobserver error and suggested that when scoring is performed by different observers, sample comparisons are possible at various levels of confidence. We have previously examined the positions of typical sinodonty and typical sundadonty in the MDS in order to observe interobserver concordance (Manabe et al., 2003b) . We concluded that it was possible to analyze both Turner's and Manabe's data because of the approximate agreement between these two sets of observations.
Results

Comparison with other Japanese archipelago populations Comparison of each trait
The frequencies of the 17 traits are shown in Table 2 and Table 3 . The incidences of the traits in the three populations of the Nansei Islands, i.e. modern populations of Okinawa Main Island and Tanegashima Island and the population of the late Yayoi-Kofun period (c. 0-700 AD) in Tanegashima Island, were compared with three native and six migrant Japanese populations (Manabe et al., 2002) using either the chi-square test (Yate's correction) or Fisher's exact test (Table 3) .
Based on the comparative results of the 11 traits, which exhibited marked differences between the native and migrant Japanese populations (Manabe et al., 2002) (Table 3) , the similarities found between the three Nansei islander populations and the native or migrant Japanese populations are presented in Table 4 .
In the instance of UI1 shoveling, the Tanegashima YayoiKofun population (TA-YK) was classified as a population similar to the native Japanese populations (Table 4) , because while this population was significantly different from the migrant Japanese populations, it was not significantly different from the native Japanese populations (Table 3 ). In the case of traits that showed nearly no significant difference, such as the LM1 protostylid presented (Table 3) , the similarity of population was judged from the degree of similarity to the trait's incidence in the native Jomonese or migrant Yayoi population (as presented in Table 4 ).
The modern Okinawa main islanders showed native-like features in only two traits, migrant-like features in six traits, and intermediate features in the remaining three traits. The modern Tanegashima islanders showed migrant-like features in seven traits, intermediate features in the remaining four traits, and no native-like feature. The Tanegashima islanders of the Yayoi-Kofun period showed native-like features in ten traits, no migrant-like feature, and intermediate features in only one trait.
Analysis of each trait revealed that the modern populations of Okinawa Main Island and Tanegashima Island have more migrant-like than native-like characteristics. The modern Okinawa main islanders had marginally more native-like characteristics than the modern Tanegashima inhabitants. In contrast, the Tanegashima islanders of the Yayoi-Kofun period exhibited native-like characteristics that were very similar to those of the Jomonese.
Interpopulational distance analysis
Smith's MMDs among 12 Japanese populations based on their trait incidences were calculated in order to synthesize the characteristics of the 17 traits. Abbreviations for the Japanese populations, such as TA-MODERN, were used for the purpose of clarity (Table 1) . With regard to the MMDs from the TA-MODERN population (Figure 2 ), the TA-MODERN population was particularly similar to the NK-MODERN, KAMAKURA, and MI-MODERN populations and considerably similar to the KOFUN, OK-MODERN, and NK-YAYOI populations. However, TA-MODERN was dissimilar to the IE-JOMON, RH-AINU, MLF-JOMON, and TA-YAYOI-KOFUN populations.
In all, the modern Tanegashima islanders were similar to the migrant Japanese group but not the native Japanese group. The modern Okinawa main islanders exhibited tendencies similar to the modern Tanegashima islanders. It was interesting that among the Japanese populations considered, the modern Tanegashima islanders were highly dissimilar to the Tanegashima islanders of the Yayoi-Kofun period. Figure 3 shows the 12 Japanese populations arranged into two dimensions by MDS, based on the MMDs of these 12 populations. On the first axis, the migrant Japanese populations such as NK-YAYOI, YA-YAYOI, KOFUN, KAMAKURA, MI-MODERN, and NK-MODERN are located in the positive direction, while the native Japanese populations such as IE-JOMON, MLF-JOMON, and RH-AINU are located in the negative direction. The first axis distinctly divides the two genealogical groups of the Japanese archipelago. On the first axis, TA-YAYOI-KOFUN is included in the native Japanese population group. However, OK-MODERN and TA-MODERN are not included in this group but are located in close proximity to the migrant Japanese as compared to the native Japanese population. Based on the coordinate values of the first axis, OK-MODERN is located slightly closer to the native Japanese population than TA-MODERN.
On the second axis, among the native Japanese populations, IE-JOMON and MLF-JOMON are located in the negative direction, while RH-AINU are located in the positive direction. Similarly, among the migrant Japanese populations, NK-MODERN is located towards the positive direction, and YA-YAYOI is located towards the negative direction. Based on this arrangement, it is suggested that the second axis reflects a trend of temporal change in the Japanese populations.
Interpretation of the axes
Multiple regression analysis identified the relative contribution of each trait to each MDS axis (Table 5, Figure 4 ). The traits that indicated both significant multiple correlation coefficients and multiple regression coefficients at the 5% and 1% levels on the first axis were predominantly the traits revealing obvious differences between the native and migrant Japanese populations in previous analyses, e.g. UI1 shoveling, UI1 double shovel, UC distal accessory ridge, LM1 cusp 6, LM2 4-cusp, and LM1 deflecting wrinkle Table 3 . Comparisons between the incidences of three Nansei Islanders and the nine Mainland Japanese populations, including the three native and six migrant populations, using chi-square test or Fisher's exact test < ** and > **, significant at P < 0.01; < * and > *, significant at P < 0.05; ··, not significant. (Manabe et al., 2002) . Thus, the first axis can be used to distinguish between the native and migrant Japanese populations.
The LM1 distal trigonid crest, UM2 hypocone, UI2 interruption groove, and UM1 cusp 5 contributed to the formation of the second axis. The contribution of the UM2 hypocone, which is associated with tooth reduction, suggests that the second axis reflects temporal change in the Japanese populations, as indicated by the MDS.
Positioning in East Asia
Interpopulational distance analysis MDS was applied to the MMDs of the 36 Asian-derived populations in order to clarify the positioning of the Nansei islanders in East Asia ( Figure 5 ). On the first axis, typical sinodonty, such as that found in North China, Korea, North Asia, the New World, and Siberia, is located along the positive direction, while typical sundadonty, such as that found in populations from the Southeast Asian archipelago and the continent (Turner, 1985 (Turner, , 1987 (Turner, , 1989 (Turner, , 1990 (Turner, , 1992 , is located along the negative direction. The South Chinese and native Taiwanese populations are located in the intermediate area between sinodonty and sundadonty.
In the analysis pertaining to East Asia, the migrant Japanese group is located in the sinodonty area, overlapping the North Chinese and Korean populations, while the native Japanese group is located in the sundadonty area. The modern populations of the two Nansei Islands are located in the intermediate area between sinodonty and sundadonty, near the native Taiwanese group. Compared to the modern population of Tanegashima Island, that of Okinawa Main Island is situated closer to the sundadonty area. The Tanegashima islanders of the Yayoi-Kofun period are included in the native Japanese group in the sundadonty area at a distance from the modern populations of the two Nansei Islands.
The second axis appears to express the separation between the New World-Siberia division and the East Asia division in sinodonty because the New World and Siberia group shows a negative value, while the East Asia group exhibits a positive value.
Interpretation of the axes
Multiple regression analysis was applied to the MDS of 36 Asian-derived populations (Table 6, Figure 6 ). The eight significant traits on the first axis, namely UI1 shoveling, UI1 double shovel, UM1 cusp 5, LM2 Y-groove, LM1 cusp 6, LM2 4-cusp, LM1 deflecting wrinkle, and LM1 protostylid, are predominantly the traits that have shown obvious differences between sinodonty and sundadonty in previous analy- Table 1. ses (Turner, 1987 (Turner, , 1990 Manabe et al., 1991 . The first axis can be used to distinguish the populations exhibiting sinodonty from those exhibiting sundadonty.
In contrast, the significance of the second axis is more complex. In total, seven traits, namely UC mesial ridge, UM1 cusp 5, LP2 > 1 lingual cusp, LM2 Y-groove, LM2 4-cusp, LM1 distal trigonid crest, and LM1 protostylid, contribute to form the second axis. It is suggested that the second axis reflects the separation between the New World-Siberia and the East Asia divisions with regard to sinodonty, as revealed by the MDS, because four of the seven traits constitute traits that express a considerable difference between these divisions (Turner, 1985) .
Discussion
Inspection of the 'Ainu-Ryukyuan common origin theory' in the modern period The dual-structure model for the population history of the Japanese (Hanihara K., 1991) is now widely accepted. The native Japanese population was broadly distributed throughout the Japanese archipelago during the Jomon period (approximately 12000-2300 BP). Following this period, the migrant populations entered North Kyushu and Yamaguchi and dispersed northward and southward in the Japanese archipelago, in conjunction with some absorption of native genes in the Yayoi period (approximately 2300-1700 BP). Eventually, a population with more migrant than native genetic background evolved as characteristic of the general Japanese population.
According to this model, due to the northward and southward dispersal of the migrant population in the Japanese archipelago, populations with more native than migrant genetic background was established in Hokkaido and the Nansei Islands, which are located at the northern and southern ends of the Japanese archipelago, respectively. Based on this viewpoint, the Ainu-Ryukyuan common origin theory becomes a basic component of the dual-structure model for the population history of the Japanese. The Ainu-Ryukyuan common origin theory was initially proposed on the basis of the similarity identified by von Baelz (1911) in the morphological features seen among the living populations, and this theory was later supported by Newman and Eng (1947) .
A large-scale anthropological investigation involving the Ryukyuans was carried out by Kyugakkairengo (association of nine academic societies) in 1971. Using the dental morphology method, K. Hanihara and his colleagues found that Ryukyuans were relatively more similar to the Ainu than to the Japanese main islanders (Hanihara K. et al., 1974; Hanihara K., 1976) . Using blood genetic markers, Omoto et al. (1976) showed that Ainu and Ryukyuans are included in a common group within worldwide variation, even though there is no close relationship between them. Kouhara (1976) supported this theory based on variations in the functions of facial expression muscles.
Subsequently, the Ainu-Ryukyuan common origin theory has been further supported by many studies in the fields of osteomorphology (Yamaguchi, 1982 (Yamaguchi, , 1992 , human genetics (Omoto, 1978 (Omoto, , 1992 Omoto and Saitou, 1997) , and dental morphology (Hanihara T., 1989 (Hanihara T., , 1991 (Hanihara T., , 1992a Matsumura, 1995) . Furthermore, Hinuma (1985 Hinuma ( , 1986 supported this theory by showing that Ryukyuans show more similarities to the Ainu than to the Japanese main islanders in the distribution of the human T-cell leukemia virus (HTLV).
The Ainu-Ryukyuan common origin theory was regarded as a likely theory by many researchers until recently; there currently exist several studies that challenge or are not supportive of the theory from the viewpoint of somatology ** Significant at P < 0.01; * significant at P < 0.05. (Suda, 1950; Terakado Y., 1976; Ikeda and Tagaya, 1980) , craniometry (Hsü, 1948; Ikeda, 1974; Tagaya and Ikeda, 1976; Pietrusewsky, 1994 Pietrusewsky, , 1999 Pietrusewsky, , 2004 Doi et al., 1997; Doi, 1998 Doi, , 2003 Doi, , 2004 Asato and Doi, 1999) , cranial nonmetric traits (Mouri, 1986; Dodo, 1992; Dodo et al., 1998 Dodo et al., , 2000 , mitochondrial DNA (Horai et al., 1996) , and the human leukocyte antigen (HLA) gene (Hatta et al., 1999; Tokunaga, 2003) . Some arguments against the theory have been highlighted, particularly in the recent studies by Dodo (1992) , Doi et al. (1997) , Doi (1998 Doi ( , 2003 Doi ( , 2004 , Dodo et al. (1998 Dodo et al. ( , 2000 , and Asato and Doi (1999) . From the viewpoint of dental morphology, Manabe et al. (1999a) performed a study using dental plaster casts of modern, young, living Okinawa main islanders; their study suggested that this population was much more similar to the migrant Yayoi and modern Japanese main island populations than to the Jomonese and Hokkaido Ainu populations. Subsequently, some evidence that the modern Nansei islanders show a greater affinity to the migrant rather than to the native Japanese was additionally provided by Manabe et al. (1999b Manabe et al. ( , 2001 Manabe et al. ( , 2003a . Furthermore, very similar conclusions were drawn by Higa et al. (2003) and Haneji et al. (2007) , although their study differed from the aforementioned studies in some details.
In the present study, it was noted that there was a resemblance between the tooth crown morphologies of modern populations in Okinawa Main Island and Tanegashima Island, and that these populations were much more similar to the migrant Japanese as compared to the native Japanese population, even though they exhibited characteristics of both Northeast and Southeast Asia. Therefore, this study does not support the Ainu-Ryukyuan common origin theory with regard to the modern populations.
Regarding the dental morphology of the modern Nansei islanders, the data derived from young, living inhabitants possess the advantage of accuracy and statistically sufficient quantity when compared with the data obtained from skeletal remains. Therefore, it is necessary to consider results derived from the living inhabitants, such as those obtained in this study. Moreover, in skeletal morphology, the results of recent studies by Dodo (1992) , Doi et al. (1997) , Doi (1998 Doi ( , 2003 Doi ( , 2004 , Dodo et al. (1998 Dodo et al. ( , 2000 , and Asato and Doi (1999) , who reexamined skeletal remains from the Nansei Islands, should be taken into account. These studies that are based on sufficient material do not support the AinuRyukyuan common origin theory in the modern period.
The two contrasting opinions are most likely to have resulted from the misclassification of the modern Nansei Is- land population as exhibiting characteristics of the native Japanese group, based on either the condition of materials or the method of data collection. This is because the modern Nansei islanders exhibit not only many migrant Japanese characteristics but also a few native characteristics, albeit to a slight degree. This suggests a complicated population history in the Nansei Islands.
Inspection of the 'Jomonese-Ryukyuan common origin theory' in the prehistoric period Characteristics of the Yayoi-Kofun period population in Tanegashima Both Manabe et al. (2002) and this study indicate that the Tanegashima Yayoi-Kofun population considerably resembles the Jomonese and Ainu populations. We can assume that this population was one of the local types of Jomon descendants.
The dental morphology of the Tanegashima Yayoi-Kofun population was first investigated by Yamada et al. (1970) . Their study clarified that this population exhibited many characteristics that were dissimilar to those of modern Japanese main islanders, based on the evidence of a smaller tooth size, lower incidences of incisor shoveling, lower molar protostylid, and lower molar cusp 6. Thereafter, the resemblance of this Yayoi-Kofun population to the Jomonese was shown by Hanihara T. (1991) , Matsumura (1995) , and Manabe et al. (2002) . The consensus from these dental morphological studies supports the view that the Tanegashima Yayoi-Kofun population belongs to the native Japanese group. Through osteomorphological studies, Doi (1998 Doi ( , 2003 Doi ( , 2004 , Asato and Doi (1999) , and Nakahashi (2003) indicated that the Tanegashima Yayoi-Kofun population shows a greater similarity to the native Japanese than to the migrant Japanese; however, this group also shows a few characteristics that are dissimilar to those of the Jomonese.
In contrast to the results of the above studies, the osteological study by Matsushita (2001) proffered a different opinion, namely that the Tanegashima Yayoi-Kofun population was a migrant population from the East Asian continent, which differed from the type of Yayoi population found in North Kyushu and Yamaguchi. This opinion was based on the morphological discontinuity of the Tanegashima Yayoi-Kofun population from the Jomonese of the Nansei Islands. However, since this morphological discontinuity was not excessive as compared to the difference between the native and migrant populations, it cannot be denied that the Tanegashima Yayoi-Kofun population belongs to a local native type.
According to the archeological study of pottery at the Hirota site in Tanegashima (Morizono, 2003) , the local Tanegashima culture was influenced by the North and South Kyushu cultures during the Yayoi period, and by the Kinki region (southern-central region of Honshu, the Japanese main island) cultures during the Kofun period. Many of the 'Gohoura' shells collected in Okinawa as materials of shell bracelets were found in Tanegashima, and many finished shell bracelet products were found in some Yayoi sites in North Kyushu and Yamaguchi. Based on these findings, it is thought that Tanegashima was a relay point for the trade of shell products between Okinawa and North KyushuYamaguchi during the Yayoi period (Kinoshita, 1996) . In addition, Kanaseki (1966) , Kokubu (1978) , and Kinoshita (2003) have suggested that the decorative patterns on shell products from Tanegashima during the Yayoi period were probably influenced by the Chinese continental cultures.
The archeological evidence summarized above appears inconsistent with the dental morphological similarity between the Tanegashima Yayoi-Kofun population and the Jomonese. However, this evidence leads to the following assumptions. The native populations such as the Jomonese lived in Tanegashima from the Jomon, through the Yayoi, to the Kofun period. They absorbed the cultures of the Chinese continent, North Kyushu, South Kyushu, and Kinki districts during these periods; however, they were genetically barely influenced by the above-mentioned populations. Therefore, gene frequencies were maintained without any substantial change.
Characteristics of the prehistoric Nansei islanders
Near-complete skeletal human remains (c. 18000 BP) were excavated from Minatogawa in Okinawa Main Island (Suzuki and Hanihara K., 1982) . The Minatogawa man was similar to the Jomonese specimens in terms of skeletal and dental morphology (Suzuki and Hanihara K., 1982; Turner, 1987; Baba and Narasaki, 1991) . The morphological similarity between the two groups suggests that a population similar to the native Japanese dwelt on the Pleistocene Okinawa Main Island.
Recent studies have indicated that the Okinawa Shellmound population had many characteristics in common with the Japanese main island Jomonese population (Matsushita, 1993 (Matsushita, , 2001 Doi, 1998 Doi, , 2003 Doi, , 2004 Asato and Doi, 1999) , and also that the former were similar to the Tanegashima Yayoi-Kofun population. Thus, to a certain extent, the Minatogawa man and the Shellmound population in the Nansei Islands and the Japanese main island Jomonese showed many common characteristics.
However, it is suggested that the Minatogawa man either became extinct or migrated to another region because of the rapid reduction of island areas in the latest Pleistocene (Takamiya, 1996 (Takamiya, , 1997 . In order to elucidate the continuity between periods in the Okinawa Main Island and with respect to regional evolution, it is necessary to find hitherto undiscovered skeletal remains within the time-span of approximately 10,000 years spanning the relevant periods. In any case, it is estimated that during the Okinawa Shellmound and Japanese main islands Jomon periods, a common Japanese native population was distributed across both the Nansei Islands and the Japanese main islands.
The Ainu-Ryukyuan common origin theory suggested a similarity between the Ainu and Ryukuan groups based on strong inheritance from the Jomonese, and it was further divided into the Jomonese-Ainu and Jomonese-Ryukyuan common origin theories. The validity of the latter in the modern period has been examined by using statistically sufficient data; however, its validity in the prehistoric period have not been examined due to the comparative lack of prehistoric materials excavated from the Nansei Islands. The characteristics found in the extremely meager prehistoric materials excavated from the Nansei Islands (Matsushita, 1993 (Matsushita, , 2001 Doi, 1998 Doi, , 2003 Doi, , 2004 Asato and Doi, 1999) do not contradict the Jomonese-Ryukyuan common origin theory in the prehistoric period.
The present study, which verified that a population similar to the Jomonese inhabited Tanegashima in the YayoiKofun period, supports the Jomonese-Ryukyuan common origin theory. The Jomonese-Ryukyuan common origin theory is assumed to be not supported by the modern period evidence, but it is accepted from the prehistoric period evidence of the present study. These results do not contradict the foundation of the dual-structure model for the population history of the Japanese in Japan (Hanihara K., 1991) , although a minor revision may be required.
Factors involved in the substantial temporal change in Tanegashima Populations that influenced the substantial change
The temporal change from the Yayoi-Kofun to the modern period in Tanegashima reflected a considerable change from typical sundadonty to an intermediate position between sundadonty and sinodonty in East Asia, and also reflected a considerable shift from the native to the migrant Japanese populational conditions. Among the Japanese populations, the two (Yayoi-Kofun and modern) populations of Tanegashima were extremely different from each other.
None of the known regions showed a rapid and large temporal change from sundadonty to sinodonty, as seen in the post-Jomon change in Japan (Turner, 1987 (Turner, , 1990 Manabe, 1989 , Manabe et al.,1991 , 1997 , 2002 . The change that occurred between the Jomon and the Yayoi periods in Japan cannot be explained without considering the influence of the migrant sinodont genes. Hokkaido Ainu inherited almost all of the Jomonese characteristics, although they exhibited a slight change from the Jomon to the early modern period (Manabe et al., 2002) . The large temporal change in Tanegashima took place most likely under influence of the migrant sinodont genes.
The population that contributed to sinodontification after the Yayoi-Kofun period in Tanegashima probably migrated from a geographically adjacent area of Tanegashima. Three directions of migrations may be suggested geographically, a southward migration from the Japanese main islands, an eastward migration from the Chinese continent, and a northward migration from Taiwan. Based on assessments of dental morphology and the MDS analysis of East Asian populations shown in Figure 5 , populations of these three can be regarded as those that potentially caused sinodontification in Tanegashima. In the Ryukyu Islands, from Amami to Okinawa, Doi (1998 Doi ( , 2003 Doi ( , 2004 ) identified a discontinuity in the skeletal morphology from the Shellmound to the Gusuku period and suggested that the characteristics of the Shellmound population were altered by the population that migrated from the Japanese main islands after the Gusuku period. The results of the archeological study by Asato and Doi (1999) , which indicates that the Gusuku culture was established under the influence of the Kyushu island during the period from the 10th to the 12th centuries, are consistent with the viewpoint of Doi (2004) .
Based on the above-mentioned factors, the substantial change in Tanegashima is probably due to the southward migration of populations from North Kyushu or Yamaguchi to Tanegashima by land or sea routes.
Timing of the substantial change
The results of the present study indicate that the substantial change from the late Yayoi-Kofun period to the modern period occurred in Tanegashima approximately between the 7th century AD and the present-day period. Assuming that the shift from the Jomon to the Yayoi period in North Kyushu and Yamaguchi occurred approximately during the 3rd century BC, the populational changes must have begun in Tanegashima ten centuries or more later than it did in North Kyushu and Yamaguchi.
Assuming a southward gene flow from the Kyushu main island to the Ryukyu Islands (Asato and Doi, 1999; Doi, 1998 Doi, , 2003 Doi, , 2004 , it is geographically estimated that the change involving sinodontification in Tanegashima started before the Gusuku period in Okinawa Main Island. The results of the present study show that sinodontification in Tanegashima appears to have occurred between the 7th and 10th centuries. Matsumura (1998) suggested that the migrant populations had influenced the central Honshu (west Kanto) district by the middle Yayoi period. Therefore, the genetic influence of the migrant population probably reached the central Honshu district within approximately 400 years since the first migration to North Kyushu and Yamaguchi (c. 300 BC). In contrast, the genetic influence of the migrant population on Tanegashima was delayed and occurred considerably later than it did in the central Honshu district.
The substantial delay in the genetic influence of the migrant population into Tanegashima cannot be attributed to geographical distance. This delay could also have resulted from the Tanegashima islanders' opposition to being genetically assimilated by the North Kyushu administration during the Yayoi and Kofun periods. Another cause for this delay could be the genetic barrier maintained between North Kyushu and Tanegashima by the South Kyushu prehistoric population. It is interesting that the South Kyushu prehistoric population, which was opposed to the genetic assimilation mandated by the Japanese central administration until the 7th or 8th centuries, was described as Hayato in the second-and third-oldest books on classical Japanese historythe Nihon-Shoki and Shoku-Nihongi (Ujitani, 1988 (Ujitani, , 2004 .
Gene flow into the northern and central region of the Nansei Islands from the viewpoint of the geographical cline of modern populations
The modern populations of both Okinawa Main Island and Tanegashima Island are similar to the migrant Japanese but not to the native Japanese, as shown in Figure 5 . With regard to details of the variation found in the Nansei Islands, the modern Okinawa main islanders, as compared to the Tanegashima islanders, have more similar traits to the native Japanese populations (Table 4) , and the modern Okinawa main islanders are synthetically closer to the native Japanese populations than are the Tanegashima islanders ( Figure 5) . A geographical cline exists from the north to the central regions of the Nansei Islands.
The large temporal change in Tanegashima is the key fac-tor for the geographical cline in the Nansei Islands. It is supposed that gene flow from the Kyushu main island to Tanegashima in the north of the Nansei Islands spread southward along the Nansei Islands after the Kofun period and eventually reached Okinawa Main Island. Assuming that the genetic influence of the Japanese migrant population faded with the southward spread of gene flow, the geographical cline can be interpreted to reflect the magnitude of southward migration of the Japanese migrant population from the northern to the central Nansei Islands.
Furthermore, the cline in the northern and central Nansei Islands continues from North Kyushu, as shown in Figure 5 . The continuous cline of dental variation observed from North Kyushu to Okinawa Main Island via Tanegashima Island suggests a common directional gene flow involving the Kyushu main island and Nansei Islands.
In this study, a part of the population history of the Nansei Islands was estimated using dental morphology, based on the geographical cline in the northern and central Nansei Islands and the substantial temporal change on the island located in the northern gateway region of the Nansei Islands. In the future, we anticipate that sufficient prehistoric skeletal materials will be excavated from the Nansei Islands to verify our interpretations.
